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INTRODUCTION : 

The work described i n  t h i s  progress r epor t  w a s  
ca r r i ed  out  during t h e  first e igh t  months after ac t iva t ion  
of t h i s  NASA g ran t  p ro jec t  (September 1, 1968). Although 
much of t h e  i n i t i a l  four months w a s  taken up by t h e  purchase 
of equipment and t h e  planning f o r  t h e  s tud ie s  which w e r e  
ca r r i ed  out, s i g n i f i c a n t  progress has been made during t h e  
pas t  four months both i n  animal s tud ie s  and in the  i n i t i a t i o n  
O f  s t ud ie s  i n  man. A n i m a l  s t ud ie s  w e r e  ca r r i ed  out  a t  Stan- 
ford and a t  t h e  Ames Research Center i n s t a l l a t i o n  a t  Moffett 
Field,  and human s t u d i e s  w e r e  ca r r i ed  out  a t  Stanford Univer- 
s i t y  School of Medicine. It i s  t h e  purpose of t h i s  progress 
repor t  t o  present  i n  summary f o r m  t h e  i n i t i a l  s tud ies  which 
have been ca r r i ed  out  and t o  discuss  i n  d e t a i l  some of t h e  
s tud ie s  which w i l l  be ca r r i ed  out  i n  t h e  coming year. I n  
addi t ion,  a l i s t  of publications,  including papers i n  press  
and i n  preparation, w i l l  be presented. 

A. Proqress i n  Experimental Animal Studies.  

Two groups of s tud ie s  have been ca r r i ed  on i n  
experimental animals during t h e  pas t  e i g h t  months. More 
than seventy animal s tud ie s  of myocardial i n fa rc t ion  have 
been ca r r i ed  out.  The card iac  reserve before and after 
myocardial in farc t ion  w a s  evaluated by studying t h e  response 
t o  drugs which e i t h e r  elevated t h e  arterial pressure or 
enhanced t h e  performance of  t h e  h e a r t .  In  addition, t h e  
compensatory mechanism used by t h e  animal when sUbjected t o  
t h e  severe stress of myocardial damage produced by coronary 
a r t e r y  l i g a t i o n  w a s  evaluated. Anesthetized dogs w e r e  

instrumented with a micro pressure transducer supplied by t h e  
Ames Research Laboratories, wi th  standard ca the te r s  f o r  pressure 
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measurements, and with flow transducers. Ventilation was 
maintained artificially with a Bennett Respirator. In one 
group of 20 animals the response to dopamine (a naturally 
occurring catecholamine) in a dose of 8 pg/Kg/min was evaluated. 
In another group of 27 animals the response to the antiarrhymic 
drug lidocaine, which itself depresses circulatory function, 
was evaluated prior to and after myocardial infarction. The 
effects of morphine were evaluated prior to and after myo- 
cardial infarction in a group of 23 animals. This drug has 
been shown both to be a circulatory depressant ahd stimulant. 
The details of each of these studies will be presented below, 

Dopamine Studies: 
The circulatory response to dopamine in the intact 

animal at rest prior to myocardial infarction includes an 
increase in cardiac output, an increase in the left ventricular 
dp/dt and decreases in left atrial pressure and systemic vascular 
resistance. No changes were noted in the response of arterial 
pressure and heart rate. Infarction of 37% of the left vent- 
ricle was produced by a two-stage ligation of the circumflex 
and anterior descending coronary arteries. This resulted in 
a significant increase in left ventricular end diastolic 
pressure and left atrial pressure. The cardiac output was 
reduced to one-half of control (pre-infarction) and the left 
ventricular dp/dt was markedly depressed, When challenged 
with a volume load averaging 20 ml/Kg of body weight an 
abnormal response was observed, the magnitude of which indi- 
cated severe deterioration of cardiovascular function. At 
this time an infusion of dopamine in the same doses as ad- 
ministered prior to myocardial infarction resulted in a marked 
and significant improvement in circulatory function. The 



3 

card iac  output returned t o  normal l e v e l s  and t h e  l e f t  
ven t r i cu la r  dp/dt w a s  markedly elevated. 
end d i a s t o l i c  pressure,  l e f t  a t r ia l  pressure,  and hea r t  
rate a l l  decreased. Systemic vascular resistance w a s  decreased 
while arterial  pressure d id  not change s ign i f i can t ly .  

agent for t h e  treatment of severely depressed card iac  
funct ion following acute  myocardial in farc t ion .  Its ac t ion  is  
an improvement over t he  ac t ions  of other  catecholamines fo r  
t he  t reatment  of t h i s  condition. The f a c t  t h a t  i’t does not 
increase h e a r t  rate nor a r t e r i a l  pressure b u t  improves the  
ino t ropic  state of the  hear t ,  as evidenced by an increase 
i n  cardiac output, a decrease i n  l e f t  ven t r i cu la r  end d i a s t o l i c  
pressure,  and an increase i n  l e f t  ven t r i cu la r  dp/dt, suggests 
t h a t  it has many advantages over isoproterenol  (a s e l e c t i v e  
beta-adrenergic s t imulat ing drug) which has commonly been 

Le f t  vent r icu lar  

These s t u d i e s  suggest t h a t  dopamine is  a preferable  

used t o  treat  cardiogenic shock of t h i s  type. The r e s u l t s  
of  t h i s  study w e r e  presented a t  t h e  annual meeting of t h e  
American Physiological Society and w a s  published i n  abstract 
form ( A l )  and has been submitted fo r  publ icat ion i n  t he  American 
Journal of Physiology (A2). 

Lidocaine Studies: 
Lidocaine i s  a commonly used antiarrhythmic drug 

i n  p a t i e n t s  with acute  myocardial in farc t ion .  It has been 
shown t o  have depressant e f f e c t s  on c i r cu la to ry  function i n  
normal hea r t s  when given i n  l a rge  doses. The purpose of 
t h i s  series of s t u d i e s  w a s  t o  evaluate a l t e r a t i o n s  i n  cardio- 
vascular function produced by l idocaine after the  c i r cu la to ry  
stress of  acute  myocardial in farc t ion .  Studies  w e r e  performed 
on 27 anesthet ized dogs with both s ing le  in j ec t ions  of l idocaine 
(5  mg/Kg) and infusions of l idocaine (200pg/Kg/min fo r  10  minutes) 
being ca r r i ed  out.  
p a t i e n t s  following acute  myocardial in farc t ion .  A n  understanding 

Thesedosesare  comparable t o  those used i n  
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of t h e  action of l idoca ine  and t h e  compensatory mechanisms 
involved i n  t h e  circulatQry response of  t h e  p a t i e n t  t o  such 
stress may provide a more thorough understanding of t h e  h e a r t ' s  
response t o  o ther  types of card iac  stress. 

Both p r i o r  t o  and a f t e r  t h e  production of acute  myo- 
c a r d i a l  i n fa rc t ion  by coronary a r t e r y  l i ga t ion , in fus ions  of 
l idocaine produced no s ta t is t ical  change i n  l e f t  ven t r i cu la r  
end d i a s t o l i c  pressure,  card iac  output, l e f t  ven t r i cu la r  dp/dt, 
arterial  pressure or per iphera l  vascular resistance. A 

s ing le  in jec t ion  of l idoca ine  given p r i o r  t o  myocardial in- 
f a r c t i o n  r e su l t ed  i n  a s i g n i f i c a n t  decrease i n  aolrtic pressure, 
hea r t  rate, l e f t  ven t r i cu la r  dp/dt, cardiac output and a s l i g h t  
e leva t ion  i n  per iphera l  vascular resistance. The durat ion of 
these  changes w a s  less than five minutes and during a one-hour 
follow-up period no o ther  changes w e r e  apparent. Following 
myocardial infarct ion t h e  i n j e c t i o n  of t h e  same dose of l ido-  
caine resu l ted  i n  s i g n i f i c a n t l y  greater depressions i n  
ar ter ia l  pressure,  l e f t  ven t r i cu la r  dp/dt and cardiac output. 
A t  t h i s  t i m e  t h e r e  w e r e  a l s o  e leva t ions  of lef t  a t r ia l  pressure 
and. l e f t  ven t r i cu la r  end d i a s t o l i c  pressure as w e l l  as increases 
i n  systemic vascular resistance. The durat ion of these depressions 
i n  t h e  performance of the  h e a r t  w a s  also s i g n i f i c a n t l y  longer 
than p r i o r  t o  myocardial infarction. The conclusions from 
these  experiments are: 
1. 

2. 

3. 

Infusion of l idoca ine  i n  c l i n i c a l l y  appl icable  doses does 
not r e s u l t  i n  s ignif icant  alterations i n  cardiac performance 
i n  t h e  normal state or i n  severely compromised hea r t s  follow- 
ing  myocardial infarct ion,  
Large s i n g l e  injections of l idoca ine  r e s u l t  i n  decreased 
performance of t h e  l e f t  v e n t r i c l e  i n  normal hea r t s  and i n  
markedly decreased performance i n  h e a r t s  following the  
stress of acute  myocardial infarct ion.  
The dura t ion  of al teration of performance of t h e  h e a r t  pro- 
duced by l idoca ine  i s  greater i n  t h e  abnormally s t r e s sed  hea r t  
following myocardial i n f a r c t i o n  than i n  t h e  normal hear t .  
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Although it is difficult to extrapolate from animal 
studies to patients, it seems Likely that infusions of 
lidocaine should be the preferable method of therapy in 
patients with compromised circulatory function following 
myocardial infarction. If single injections are to be used, 
smaller doses will result in less circulatory depression. 
However, decreased performance of the left ventricle will still 
be encountered in many of these patients (Bl). 

Morphine Studies: 
Morphine sulphate is a cormnonly used an’algesic 

agent for the relief of pain of many etiologies, The experiments 
carried out in this protocol were designed to study the circula- 
tory alterations produced by morphine in normal and abnormal 
hearts, The abnormal hearts were those produced by coronary 
artery ligation and resemble the clinical state of myocardial 
infarction where morphine is frequently used, The design of 
these studies is different from those used to study dopamine 
and lidocaine since morphine is a long-acting drug and can 
only be administered once in a period of study. Twenty-three 
anesthetized dogs instrumented as described above were used, 
Morphine, 100 pg/Kg was given intravenously to 11 dogs with 
normal hearts and in 12 dogs following the production of acute 
myocardial infarction (32% of the left ventricle infarcted), 
In the control normal heart, the injection of morphine produced 
a decrease in heart rate, an early decrease in left ventricular 
dp/dt which was followed by an elevated value after five minutes, 
and an initial decrease in cardiac output followed by a sustained 
increase, These changes show a decrease in cardiac performance 
following the administration of morphine to which the animals 
respond by activating the sympathetic nervous system. In other 
words, the carotid baro-receptors detect the fall in arterial 
pressure and increase the sympathetic nervous output to the 
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blood vesse ls  and hear t ,  r e s u l t i n g  i n  a sustained increase i n  
card iac  output and card iac  performance. I n  t h e  animals s tudied 
after myocardial i n fa rc t ion ,  t h e  e a r l y  q u a l i t a t i v e  changes 
produced by morphine w e r e  s i m i l a r ,  although the  sustained 
increase i n  card iac  output and lef t  ven t r i cu la r  dp/dt did not  
occur i n  t h e  damaged hear t s .  The a l t e r e d  performance of t h e  
damaged h e a r t  t o  t h e  depression produced by morphine in j ec t ion  
w a s  s t a t i s t i c a l l y  more than t h a t  observed i n  the  normal hear t .  
Since t h i s  drug is frequent ly  used i n  c l i n i c a l  s i t u a t i o n s  i n  
which card iac  damage is  present,  these  s tud ie s  suggest t h a t  
care should be taken when morphine is given intravenously. 
An abstract of t h i s  paper has been submitted and a f i n a l  manu- 
s c r i p t  i s  now i n  preparat ion (cl) ,  
Prel iminary s t u d i e s  i n  unanesthetized doqs. 

During t h i s  eight-month period of t i m e  attempts have 
been made t o  instrument dogs fo r  chronic study of t he  circula- 
t o r y  responses t o  drugs and changes i n  physical  environment. 
New u l t r a son ic  flow transducers have been placed around 
pulmonary arteries and ao r t a s  i n  these  dogs and micropressure 
t ransducers  have been placed i n  various chambers of t h e i r  hea r t s  
and blood vessels .  Adequate monitoring s igna ls  have been 
obtained i n  a series of s i x  such dogs after complete recovery 
from surgery. These s tud ie s  have been ca r r i ed  out  i n  assoc ia t ion  
w i t h  D r .  Harold Sandler a t  t he  A m e s  Research Laboratory. During 
t h e  coming year it is  ant ic ipa ted  t h a t  animals instrumented i n  
t h i s  manner w i l l  be used t o  evaluate  t h e  e f f e c t s  of anesthesia  
on t h e  compensatory mechanisms for increasing vent r icu lar  per- 
formance i n  normal and abnormal states, Studies  such as those 
described f o r  dopamine, l idoca ine  and morphine w i l l  be ca r r i ed  
out  i n  awake, unanesthetized dogs and compared with the  da t a  
obtained i n  the  dogs who w e r e  anesthetized. Although not 
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completely o b l i t e r a t e d  by anesthesia,  t he  c i r cu la to ry  adjust-  
ments provided by t h e  nervous system are e i t h e r  delayed CT 
decreased i n  magnitude by anesthesia .  The exact mechanisms 
by which t h i s  occurs w i l l  be invest igated u t i l i z i n g  intact ,  
awake preparations.  

cen t r i fuge  a t  t h e  Ames Research Center w i l l  be used t o  
study t h e  e f f e c t s  of c i r c u l a t i o n  i n  instrumented animals, 
It is  t h e  purpose of such s t u d i e s  t o  determine t h e  d i s t r i b u t i o n  
of flow during c i r cu la t ion  and t h e  adaptive mechanisms used 
by t h e  c i r c u l a t i o n  during such stress. During the  coming year 
t h i s  program w i l l  be c lose ly  in tegra ted  between t h e  Cardiology 
Division a t  Stanford University School of Medicine and the 
cardiovascular research laboratory a t  Ames. 

During t h e  coming year it is  a l s o  planned t h a t  the  

B. Progress i n  Human Studies:  

Although a g rea t  dea l  of progress w a s  made i n  animal 
s tud ie s  during t h e  p a s t  e i g h t  months, only a few human s tud ie s  
have been c a r r i e d  out. 
f r u i t f u l  and are now being continued as p a r t  of a fu l l - sca le  
e f f o r t ,  
Ultrasound Studies  

Two types of s tud ie s  have been m o s t  

The development of i n d i r e c t  methods fo r  studying 
t h e  c i r c u l a t i o n  and evaluat ing card iac  performance is essent ia l  
fo r  s t u d i e s  i n  man. During t h e  p a s t  year considerable experience 
has been gained i n  co l labora t ion  with D r .  Richard Papp u t i l i z i n g  
r e f l ec t ed  ultrasound fo r  evaluat ing card iac  performance. A 

method fo r  t h e  de t ec t ion  of s t roke volume has been developed 
and has undergone preliminary tests i n  which it has been 
compared to  standard labora tory  methods for evaluat ing s t roke  
volume ( D l ,  D 2 ) .  These s tud ie s  w e r e  ca r r i ed  out  i n  t he  cardiac 



8 

ca the te r i za t ion  labora tory  a t  Stanford andmust be confirmed on 
l a rge r  numbers of pa t i en t s .  The use of ultrasound fo r  de tec t ing  
changes i n  t he  performance of the  t ransplanted human hea r t  
have been ca r r i ed  ou t  i n  assoc ia t ion  with D r .  Norman Shumway 
and a s soc ia t e s  i n  the  card iac  t ransplan ta t ion  program a t  
Stanford (03, D4). It is possible  t o  measure the  thickness 
of t h e  pos t e r io r  w a l l  of the  l e f t  ventricle and the  movement 
of t h i s  s t r u c t u r e  throughout the  card iac  cycle  using ultrasound, 
Once r e j e c t i o n  of t he  t ransplanted h e a r t  commences, t he  l e f t  
vent r icu lar  w a l l  is  thickened and becomes r e s t r i c t e d  i n  i ts  
motion. I t  has been possible  t o  d e t e c t  these  changes q u i t e  
e a r l y  using ultrasound and t o  reverse  them by t r e a t i n g  t h e  
process of immunologic r e j ec t ion .  These s tud ie s  w e r e  ca r r i ed  
out i n  eleven p a t i e n t s  undergoing cardiac t r a n s p l a n t a t i o n a d  
t h e  r e s u l t s  have been documented using o ther  methods fo r  evaluat-  
ing r e j ec t ion .  This technique has proven t o  be both reliable 
and simple and its evaluat ion w i l l  be continued during t h e  
coming year,  It s e e m s  poss ib le  t h a t  t h e  use of these  i n d i r e c t  
methods w i l l  allow the  study of cardiac performance i n  both 
normal and abnormal states under a va r i e ty  of stresses, 
During the  coming year w e  a n t i c i p a t e  doing such s tud ie s  i n  
m o r e  than 40 p a t i e n t s  since t h e  techniques are atrawnatic and 
do not requi re  t h e  introduct ion of c a t h e t e r s  o r  other  p o t e n t i a l l y  
harmful devices, It is proposed t h a t  such methods, once 
adequately ca l ib ra t ed ,  be used t o  monitor and determine cardiac 
performance during space f l i g h t ,  Abstracts descr ibing the  
work for determining s t roke  volume and f o r  de tec t ing  r e j e c t i o n  
have been published ( D l ,  D2,  D3). 

D y n a m i c  G e o m e t r v  of t h e  Human L e f t  Ventricle 
Dynamic geometry of  t h e  lef t  ven t r i cu la r  chamberhas 

been determined i n  24  p a t i e n t s  undergoing d iagnos t ic  cardiac 
ca the t e r i za t ion  fo r  valvular  or a r t e r i o s c l e r o t i c  h a r t  disease.  
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Chamber dimensions and change in dimensions were evaluated 
from left ventricular angiocardiograms in addition to 
standard measurements of cardiac output and ventricular 
pressures, Utilizing these studies it has been possible to 
evaluate the relationship between the ejection fraction and 
the performance of the human left ventricle. Since these 
ventricles are not functioning normally it has been possible 
to evaluate the mechanisms by which the abnormal ventricle 
compensates for its structural defects. The ejection 
fraction which represents the difference between end diastolic 
volume and the end systolic volume of the left ventricle has 
been demonstrated to be a reliable indicator of the abnormal 
performance. In addition, it appears that a different pattern 
of contraction has developed in some of these abnormal ventricles 
in order to compensate for an increase in the wall tension. 
The wall tension in these cases is abnormally high since in 
most of the diseased left ventricles the radius of the chamber 
is markedly increased and inorder to develop a given pressure 
within the ventricular chamber a higher degree of wall tension 
is necessary. 

evaluation of the ejection fraction gives an adequate repre- 
sentation of the decrease in ventricular performance. This, 
then, obviates the need for studying the dynamic geometry of 
ventricular contraction in order to more fully evaluate the 
performance of these diseased ventricles in usual clinical 
situations . These observations are preliminary, however, and 
in order to determine their precise role in evaluating 
ventricular performance additional studies comparing the 
more sophistocated angiographic measurements occurring through- 
out the cardiac cycle with those of the ejection fraction 
are needed, It is our purpose to study 12-15 such patients 
during the coming year in order to complete this project. 

The essence of this study suggests that an 
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C. Projected S tudies  for 1969-70. 

During t h i s  year t h ree  types of s tud ie s  w i l l  be 
i n i t i a t e d  as out l ined  i n  t h e  o r i g i n a l  grant proposal. F i r s t ,  

s t u d i e s  t o  monitor t h e  card iac  performance of p a t i e n t s  follow- 
ing myocardial i n f a r c t i o n  i n  order t o  evaluate  transducers 
and techniques which have been developed during t h e  p a s t  
f i v e  years  w i l l  be i n i t i a t e d .  These p a t i e n t s  w i l l  be i n  the  
coronary care u n i t  a t  Stanford University Hospital  and w i l l  
undergo study during t h r e e  o r  four days after the  acute 
in fa rc t ion .  The s t u d i e s  w i l l  not only evaluate  transducers 
bu t  w i l l  allow b e t t e r  treatment of t he  p a t i e n t s  under study. 
Secondly, t h e  use of ultrasound ' for  measuring changes i n  
s t roke  volume and movements of l e f t  vent r icu lar  w a l l s  w i l l  
be ca r r i ed  o u t  i n  p a t i e n t s  with vent r icu lar  abnormalities 
such as hypertrophic subaortic s tenos is .  Thirdly, t h e  use of 
f i b e r o p t i c  methods f o r  determining ven t r i cu la r  volume a t  
end d i a s t o l e  and end sys to l e  and thereby allowing ca lcu la t ion  
of e j e c t i o n  f r a c t i o n s  w i l l  be invest igated.  It i s  intended 
t o  compare these  methods with t h e  angiographic methods. 
The i n i t i a t i o n  of these  p ro jec t s  during t h e  corning year and 
t h e i r  cont inuat ion i n  subsequent years w i l l  lead t o  a better 
understanding of card iac  performance under a va r i e ty  of 
s t r e s s f u l  s i t u a t i o n s .  
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